Introduction
Pneumomediastinum is the presence of free air in mediastinum [1] , which is thought to arise from free air leaking from ruptured alveoli [2] . Pneumomediastinum can be potentially catastrophic complication [1] . It Can be divided into two groups, spontaneous pneumomediastinum without any obvious primary cause, or secondary pneumomediastinum with a specific responsible pathologic event such as pulmonary or mediastinal infection by gas forming organisms, trauma or esophageal rupture [1] [2] [3] [4] . Pneumocystis Jirovecii pneumonia is a rare cause of pneumomediastinum that has been reported in HIV-positive [3] [4] [5] and HIV-negative patients [6, 2, 5] . The most frequently reported symptoms in patients with pneumomediastinum are chest pain, followed by shortness of breath and cough [4] . On physical exam patients can have subcutaneous emphysema and neck swelling. Patients can also have Hamman crunch, which is crepitus heard with the heart beat on chest auscultation [1, 4] . Rarely surgical intervention is needed as in most instances the pneumomediastinum resolves without treatment [4] .
Case report
A 64-year-old female with past medical history of diffuse B-cell lymphoma, non-germinal subtype with T9 epidural extension status post laminectomy at time of diagnosis, 2 months before admission, and status post R CHOP chemotherapy. Last cycle was 15 days before admission. The patient was admitted with worsening shortness of breath for 2 days, associated with productive cough of rusty sputum. On examination, patient was tachypneic with respiratory rate of 33, hypoxic and requiring non rebreather to keep oxygen saturation more than 90%.
Laboratory workup on admission ABG PH 7.46/PCO2 30.5/PaO2 45 on O2 4l/min per nasal cannula, WBC 9 × 10 9 /L, LDH 696 U/L, BNP 1307 pg/ml. Respiratory viral panel is negative, Legionella urine antigen and strep pneumoniae urine antigen are negative. HIV test was negative.
Chest x-ray showed moderate bilateral interstitial changes. A high resolution CT chest without contrast showed bilateral ground glass opacities (GGOs) (orange arrow) with apical basilar gradient, superimposed interlobular septal thickening, mild bilateral lower lobe traction bronchiectasis (blue arrow) and cystic lesions (green arrow) ( Fig. 1A-C ).
Patient was admitted to the ICU and was started on IV Solumedrol and CPAP then switched to high flow nasal cannula 15 L of oxygen, felt slightly better and transferred to the floor.
Pulmonary service was consulted, and given the patient's immune compromised status, as well as the finding on CT scan, she was started on empirical treatment of PCP with atovaquone as the patient is allergic to sulfa. Serum Fungitell was 244 (NR < 33), Aspergillus antigen 0.05 (negative), the sputum was sent for PCP silver stain and PCR, PCP silver stain was negative and PCP PCR was positive.
Bronchoscopy for the confirmation of the diagnosis was not done as the patient was in acute hypoxic respiratory failure.
Repeat CT scan of the chest on day 12 showed pneumomediastinum (red arrow), which is new compared to the previous study, stable GGOs and with apical basilar gradient, superimposed interlobular septal thickening, mild bilateral lower lobe traction bronchiectasis (blue arrow) and more prominent cystic lung lesions (green arrow) ( Fig. 2A-C) . Her respiratory status stayed stable.
Infectious disease service was consulted, the patient was switched to clindamycin and primaquine, and IV steroids were switched to oral prednisone that was tapered off slowly. The patient's respiratory symptoms improved significantly. She was weaned from 15 L of oxygen by high flow nasal canula to 5 L by regular nasal canula, and was discharged to a skilled nursing facility.
Discussion
Pneumocystis Jirovecii (carinii) is a ubiquitous unicellular fungus [7] that is found in the respiratory tracts of many mammals, including humans [2] , and can be potentially life threatening opportunistic infection, that can occur in HIV-positive and HIV negative patients [6] .
Patients with Pneumocystis Jirovecii pneumonia (PCP) may develop spontaneous pneumothorax as an infrequent complication that was described for the first time in 1984 [5, 8] , and is an uncommon complication of PCP in patient with HIV-positive [5, 4, 3] and HIV-negative patients [6, 2, 5] .
PCP infection in HIV-negative patients occurs predominantly in patients on immunosuppression or chemotherapy medications [6] . These patients have a decrease in their cell mediated immunity [6] .
The mechanism by which PCP causes pulmonary cysts and subsequent pneumothorax or pneumomediastinum is not yet known. However, various mechanisms have been described, including direct destruction of the lung by PCP, over distention of the lungs secondary to obstructive bronchiolitis which act as ball-valve, interstitial emphysema and interstitial fibrosis secondary to abnormal lung remodeling and release of elastase and other proteolytic enzymes (proteases released by activated macrophages) [5, 3] . In most cases of pneumomediastinum, air enters through alveolar or pneumatocele rupture [4] , then it tracks along the pulmonary vessels and interstitium to the hilum [3, 4] .
HIV-negative patients with PCP typically presents with abrupt onset of respiratory distress; they have more neutrophils and fewer pneumocystis organisms in their lungs during an episode of pneumonia caused by PCP than do HIV-negative patients with PCP pneumonia [9] .
The most common radiographic finding in patients with PCP is diffuse, ground glass opacities (GGO) and bilateral perihilar interstitial infiltrates. A typical radiographic findings includes cystic spaces, bullae, hilar and mediastinal adenopathy, pleural effusion and pneumothorax [5, 9] . It is rare to find pneumomediastinum in patients with PCP [5] .
The diagnosis of PCP requires microbiological examination in order to identify pneumocystis from sputum, bronchoalveolar lavage (BAL) fluid or lung tissue biopsy as PCP cannot be cultured [9] .
The initial procedure should be sputum induction; if it is negative then bronchoscopy with BAL should be performed. Transbronchial or Fig. 1 . A-C: CT chest high resolution without contrast showed bilateral ground glass opacities (GGOs) (orange arrow) with an apical basilar gradient with superimposed interlobular septal thickening and mild bilateral lower lobe traction bronchiectasis (blue arrow) and cystic lesions (red arrow). surgical biopsy is rarely needed [9] .
In our case the patient was suspected to have PCP. Given the fact that she was immunocompromised, the history of diffuse B-cell lymphoma on R CHOP treatment, the characteristic finding on CT scan of ground glass opacities with cystic lung lesion and pneumomediastinum that is suggestive of PCP.
Sputum induction was done and was negative for PCP. The patient was not stable for bronchoscopy or lung biopsy. PCP PCR was eventually done, and it was positive.
When PCR primers for gene for pneumocystis mitochondrial large subunit ribosomal RNA is used, PCR has been shown to have greater sensitivity and specificity for diagnosis of PCP form specimens of induced sputum or BAL [9, 10] .
In our case the serum lactate dehydrogenase (LDH) level was high. It has been noted that serum LDH level is elevated, likely as reflection of the underlying lung injury and inflammation rather than a specific marker for PCP [9] .
Trimethoprim-sulfamethoxazole is the most effective treatment for severe PCP infection [9] . Our patient has sulfa allergy, so she was initially treated with atovaquone and then switched to clindamycin and primaquine after infectious disease was consulted.
Adjunctive steroid use in the treatment of PCP has been shown to reduce the mortality rate and incidence of respiratory failure associated with severe infection [2, 11] .
Conclusion
Pneumomediastinum is a rare potentially life-threatening complication of PCP that occurs in HIV-positive and HIV-negative patients. We are presenting this case and are confident that it will be a valuable addition to medical literature in raising awareness about pneumomediastinum as a rare complication of PCP in HIV negative patients. Timely work up and evaluation may be of value for early detection and treatment in order to prevent this serious complication and to potentially improve the patient's outcome. We recommend sending PCP PCR at the same time with sputum induction as PCP PCR has higher sensitivity and specificity, especially in patients who are not stable to undergo invasive diagnostic procedures.
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